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; NUMMARY 

Information published in chemical journals from 1933 bo 193? on 

mm 

the thermodynamic propel ties of the component gases of exhaust gases 
cased on spectroscopic measurements were used as data for computing 
the ideal values of work, mass flow, nozzle velocity, power, and tem¬ 
perature change involved in the thermodynamic processes ol a gas tur¬ 
bine. Curves from which this information can conveniently be obtained 

. An tionai curve is included from which trie 
may be calculated for nonaUabatic L-rocesses. 

A method of computation is presentee! in which the thermodynamic 
quantities associated with an iseniropic process are calculated by* the 
us ( f two effective values of the ratio of specific heats y simply 
related to the value of y at the start of the process and tc tie 
pressure ratio. These values of y are used in the equations derived 
on the assumption of c nstant specific heat and thus permit convenient 
algebraic manipulation of the thermodynamic quantities. The relation 
of these values of y to the conventional thermodynamic functions and 
the condition for the validity of the method is derived. This method 
applies accurately for thermodynamic processes occurring within the 
temo r, rai ure range of about 700 ° tc 2700° F absolute. 

j. •* 


INTRODUCTION 

In the computation of turbine efficiency from test data, the 
power output of a turbine may be determined from dynamometer-stand 
t • :> or their equivalent* The power input or the ideal power avail¬ 
able from the exhaust gas, however, must be computed from tho thermo¬ 
dynamic properties of the . Other Li ms of Lnt rest n • xhaust— 
gas-turbine computations are the ideal temperature drop, nozzle velocity 
and mass flow. In these computations various organizations concerned 
with t t ’ re* cf tin bines have bsen using tables derived from dif¬ 
ferent sources and involving different assumptions and approximations. 
This report was prepared at the request of the NACA Subconroil lr>.; on 
Recovery of Power from Exhaust Gas for standardizing the data involved 
in a computation of turbine efficiency and the other important items 
of turbine performance. 

































The themodynamic properties of the component gases of exhaust 
gas taken from reference s '! to 7 are tabulated for s. temperature range 
from 5uO v to 2700 ? absolute, and equations and tables are divert .for 

competing these proper tie::, for exhaust pas for any given fuel-air ratio 
of the mixture and hydrogen-carbon .ratio of the fuel. The basic data 
were originally computed from, spectroscopic measurements, which are at 
the present time considered to be the nest accurate source of informa¬ 
tion on the thermo dynamite properties of gases at high temperatures. 

T.n order to lessor*, the labor on the part of the user, curves of the 
ideal work, mass flow, noaxle velocity, and temperature drop covering 
the range of fuel-air ratios from 0 to 0.12, hvdrogen-carbcn ratios 
from O.urth to 0.200, initial gas temperatures from 1200° to 2h00° F 
absolute, and pressure ratios from .1 to 10 are given. 

This analysis war; completed at the Aircraft Engine Research La bora 
tcry of the National Advisory Committee for Aeronautics, Cleveland, 

Ohio, in August 191x3* 
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A area, (sq ft) 


ID 


mass coefficient of discharge, (lb)/(theoretical lb) 


r< 


F 


specific he -1 at constant pressure, (ptu)/(lb tr,ole)( c '?) 


Cp specific heat at constant, pressure, (TVtti)/(lb)(°F) 

c v specific heat at constant vclunie, («tu)/(.lb)(°F) 

the energy z-ero, or the energy of combustion at the absolute zero 
of temperature, (ptu)/(lb mole) 


rri 

M 


Gibbs' free energy 


f fuel-air ratio, (J.b)/(lt) 

g 7 2.2 (lb)/(slug) 

H enthalpy, (Btu)/(lb mole) 


h 

A M 


e ntha 1 py , (Hu)/( lb ) 


J mechanical equivalent of host, 77b (ft-lb)/( r, .tu) 


L r 


equil ibrium. co n eta nt 


Kp correction factor for changes in mean molecular weixrh 



























orrection for oharipen in it* eon molecular specific hast- 

« .* a 


combined correction tc the mass flow per unit area 
ma s s f 1 ow o f f l\i id, (3 i .* 1 g) / (s 0 c) 

hydrogen- 0 arbor ratic of ti 1 e I‘ue 1 , (lb)/(lb) (as 3 umed atcmic 
weights, hydrogen 1 • 008 , carbon 12 . 01 ) 

mean molecular weight of air, (lb)/(lb mole) 

power , (hp) or (ft-'lb)/(sec) 

turbine shaft power, (hp) or (ft-lb)/(sec) 

pressure, (lb)/( sq ft) 

heat quantity added to a fluid, (?tu)/(lb) 
universal gas constant, 18 ) 4£.7 ( ft-lb)/(lb mcle)('F) 
gas constant for air, (ft~ib)/(lb)(°F) 
gas constant for a gas mixture, (ft-lb)/ (lb) ( 0:? ) 

al gc 1 ati . ere, (Btu)/(lb mole)(°F) 

entropy of the ideal gas rt 1 atmosphere, (htu)/(lb)( 0:r ) 
temperature, (°7 afcs 0 lute) 
velocity, (ft)/(sec) 
volume, (ou ft) 


work dene by a gas, (ft-lb)/(lb) 

ideal work in thermodynamic process, (ft-lb)/(lb) 

ratio of the specific heats of a fluid 

effective value of y far enthalpy-change computations 

effective value of y for temperature-change computations 

turbine-shaft efficiency 

density, (slug)/(cu ft) 
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Subscripts: 

1 refers to conditions at higher pressure or temperature 

2 ref ers to conditions at lower pressure or temperature 

a air 

b burned mixture 

cr critical 


ANALYSIS AND DISCUSSION 


Simplified Method of Thermodynamic Comnutation 


Ideal turbine rower available. - If the heat transfer to the 
surrounding medium is neglected, the equation for the conservation 
of energy gives the following relation between the energy at the 

entrance and exit of the turbine and the work W done by the gas per 
unit weight: 



The qu 



c dT 
P 


is called the enthalpy, or heat content, and 


is usually designated h. For an ideal gas having a constant specific 
heat, equation (l) reduces to 


Jc p Ti 





If it is assumed that the specific heat in equation (1) does not 
vary appreciably from its initial value during a given expansion pro— 

f ^ ^ ^ ^ ^ is isentropic, the temperature and pressure 
are connected by the relation 



T 2/ T i = (P2/P]_) 


and equation (l) becomes 
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When the approach velocity is small as is often the case, ^ u q 

may be neglected. Since a turbine or other working device can theo¬ 
retically be designed to have zero leaving velocity uo, the ideal 

work that may be derived from the gas in a flow process on expan¬ 

sion between the pressures p b and P 2 is given by 




1 





Where the approach velocity u-j is large, the term u^/2gR b T-]_ should 

be added to the right-hand side of equation (U) to obtain the total 
ideal work available. An alternative and possibly more convenient 
method of taking care of U]_ is to use the stagnation temperature and 

total pressure in equation (U) for • and p^, respectively a 


In the case - of an actual gas the assumption made in the derivation 
of equations (2), ( 3 ), and (U) that the specific heat does not vary 
during the expansion process is not strictly correct. The fundamental 
method of computing ^th/ R b T l takes into account the variation 

in specific heat during the expansion process is gi ,r en in detail in 
appendixes A and B, together with the tables necessary for computing 
this quantity for a range of hydrogen-carbon ratios, air-fuel ratios, 
initial temperatures, and pressure ratios. This method will be called 
the classical process. It involves the computation cf enthalpy and 
entropy. The data used in these computations and listed in table I 
were obtained from references 1 to 7 and are based on spectroscopic 
measurements• The assumptions made in these computations are listed 
in appendix A. 


An alternative procedure, which led to a convenient presentation 
of this information and a simplified method of computation, is as fol¬ 
lows: The value of W bb /R b T^ was computed by the above-mentioned 

classical process for a given set of operating conditions (pressure 
ratio, initial temperature, and exhaust-gas composition). An effec¬ 
tive value of y, designated y^, was then computed from this value 

of V/ th/ /R b T 1 and pressure ratio by means of equation (U). This 

value of Y b provides a moans of calculating the value of 

from the equation 
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for the specific conditions for which this value of y b applies. 
Values of y, computed by this procedure for a range of conditions 
bracketing the open ting cone! lions of interest in exhaust-gas—turbine 
applications are shown iri figure 1 plotted against y^ for the pres¬ 
sure rati.os p-j/po of U, 6, and 10 for a range of temperatures and 
or several mixtures, namely, 


4? 


Constituents 

Fuel—air : 

\ir 


0 

Air + 

octane 

•x /* / 

. ! X 

• * Av' J 

Air + 

octane 

. .100 

Air + 

benzene 

• 100 

:d by 
• 

• 

— ! 

# 

i —i 

>- 

the data s 


• * . m 

figure 2(a). Thus in the range of gas-turbine applications, the value 

and pressure ratio by 


y, can be obtained .from the value of y, 
s of figure 2(a). 


means 

The decrease in scatter of the points about the faired curves in • 
figure 1 with increase in pressure ratio is noted. The characteristics 
oi equation (h) are such that small inaccuracies in the value of 
Wth/RbT‘1 introduce relatively Large dispersions in the value of y^ 
calculated from equation (i>) for pressure ratios Pp/pp near onity; 
the dispersion decreases as pressure ratio is increased. Thus small 
irregularities in the tabulated values of entropy and enthalpy as, for 
example, a variation of one unit in the third decimal plice of entropy, 
cause considerable scatter in the relation between yv, and y-^ for 
the lower pressure ratios. Tno decrease in scatter as tire pressure 

increased demonstrates the fundamental soundness of this method 


v» #*. 4- -• ^ \ -* cj 

.1 c*4. : v % O 


which is in effect a method of fairing specific-hoat data. 

Because T}\/yi *- s a functi.cn only of pressure ratio in the present 
case, it is apparent from equation (?) that ^th/%/-l is a function 
of y^ and the pressure ratio. Figure J is a plot of VI n •/RbTl 
against pressure ratio p-j/p? and yi obtained by mean* of equation (? 
ind figure 2(a). 


The instantaneous values of y are shown in figure h plotted 
against the fuel-air ratio and the teuiocrature for two values of 
hydrogen-carbon ratio. The spread of the curves v.-i^h hydrogen-carbon 
ratio is snail, and linear interpolation between the tf.vo values given 
will yield accurate results. 
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The value of the gas constant R- D is given in figure 5 plotted 

against fuel-air ratio and hydrogen-carton ratio. In the figures 
ana tables shown, air was assumed to be dry with the composition 


N* percent by volt 


true 



0 2 percent by volume 21 
A percent by volume 1 

which has a mean molecular weight of 28.97 (lb) ; /(lb mole) and a gas 
constant R a of 53.35 (ft-lb)/(lb)(°F). The method oi computing 
p-j, and 7 , is described, in detail in appendix E. 

Ideal temperature drop. - For the case in which toe specific heats 
are constant, the temperature ratio T 2 /T l in an isentropic process 

is related to the pressure ratio as follows: 


rp 

M 2 





This relation does not apply in the actual case in which the specific 
heats vary during the thermodynamic process. The procedure previously 
described can, however, be applied to this case. The temperature 
ratio for any given set of conditions is computed by the classical 
process from the data given in table XX. effective value of ^ 

for temperature computations, designated 7t, then computed from 

equation ( 6 ) and the known values of temperature ratio and pressure 
ratio. The values of 7 ^ were computed over the same range of tem¬ 
peratures. pressure ratios, and gas compositions used in the compu 
tation of 7y. As in the case of 7 h it was found that the ratio 
of 7 to 7 ]_ was a function only of pressure ratio in this range 
of conditions. The ratio of the value of 7 t to 7q is shown m 
figure 2(b) plotted against pressure ratio. Thus the temperature 
ratio in an isentropic process can be computed from the equation 



(?) 

and the data given in figure 2(b). It is apparent from equation (7) 
and figure 2 (b) that T 2 /T 1 may be presented as a function of Pj/Pg; 

7,. A plot of this function is shown in figure S. 
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Figure 7 shows a plot of -JAh/R^T-^ against T 2 /T. an<:i 

obtained from figures 3 and 6. Although figures 3 and 6 relate 
only to isentropic processes, figure 7 is not so restricted because 
JAh/R-^T^ as a function of temperature change is independent of the 
type of process. Figure 7 may, therefore, be used to compute changes 
in enthalpy arising from any cause, such as heat addition or removal 
by heat transfer or other nonisentropic processes. In isentropic 
processes -JAh is equal to 

Ideal density ratio. - The equation for the density ratio 
follows from equation (7) and the gas law 

p 2 _ /P2N t 

Pi = \Pl/ 

Ideal nozzle velocity. - The ideal nozzle velocity may be 
obtained by equating the kinetic energy at the nozzle to the theo¬ 
retical work 



1 2 

? u 2 " e*th 

from which 

u 2 " V^th (9) 


Ideal mass flow* - The? ideal mass flow is given by M = p 9 u 0 A. 
From equations (9), and the perfect gas lav/ 



This relation holds for a convergent-type nozzle for subsonic velocities 
and for convergent divergent nozzles of the proper shape over the entire 
flow range. 


For flow at a greater-than—critical pressure ratio through a con¬ 
vergent nozzle, the mass flow has the critical value. The mass flow 
at critical pressure ratio has been computed as a function of 
assuming that critical flow exists when the local Mach number is unity 
at the nozzle throat. For this calculation it was necessary to knew 
the instantaneous value of Y 2 at the throat. The ratio V 2 divided 
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by v- was commuted and found to be very 

J 1 x 

sure ratio only. From these data the quantity 


Mor v /s R b T i 



has been computed. The results are shown in figure 8 plotted against 
Y-, . The critical pressure ratio is also shown in this figure plotted 

against Yp• 


Th eoretical basis for effective values of p « - '^' ne conditions 
for which the foregoing presentation involving the use of effective 
values of y is accurate are derived from theoretical considerations 
in appendix C. It is shown that in the range in which log y plotted 
against Js/R b is a straight line, the following relations are obtained 

for isentropic processes; 


1. 

2 . 


Y 2 /Ti 

V Y 1 


is a function only of Pp/P?* 
is a function only of Pp/P ? » 


3* Yu/Yy is a function of Yp and Pp/P 2 » however, for tho 
range of conditions of present interest, its dependence on Yp is 
negligible. 


U. Tp/Tp is a function only of p-j and P1/P2’ 

£. Ah/RbTp is a function only of Yp an d Pp/P2* The fol¬ 
lowing equations are derived. (See equations (UU) to (Uo) of 
app ndix C.) 


>'2 ( Pi V r 

U = \p2/ 


Jt 





^h 

U " VP2/ 
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where r is the slope of the curve of log y against Js/R v * Curves 
are given which show that in the range of gas-turbine application the 
value of r is -0.OlU for the following mixtures: 


Constituents 

Fuel-air 

Air 

0 

Air + octane 

.066 

Air + octane 

.100 

Air + benzene 

..100 


The same value of r may be expected to hold for intermediate gas 
compositions because the same value was found to hold for ail the 
component gases except carbon dioxide.. The range of temperatures over 
which the relation is valid is nearly constant for all the diatomic 
molecules considered# These molecules are the chief constituents 
of exhaust gas.. In the derivation of the expressions for y,./y^ 
and Xy/XL § iven * use Wcis of the fact that r is small com¬ 

pared with unity. The general relations, not limited by this con¬ 
dition, are given in appendix C# 

This analysis provides a convenient means of determining the 
range of validity of the method. Examination of the curves of 
log Y against Js/R^ reveals that the values of y for a specified 
value of s given by a straight line having a slope r differs from 
the actual value of y by 0.1 percent or less in the temperature 
range from 900° to 2$00° F absolute. The error in the values of 
theoretical work or temperature computed from equations (g) and (7) 
will be less than 0.1 percent for an error of the effective values 
of y of 0.1 percent. The method can be used with very good 
accuracy for thermodynamic process occurring within a temperature 
range from 700° to 2700° F absolute. This temperature range covers 
the range of interest in gas-turbine work. 

Equations (UU) to (Uo) permit computation for an isentropic 
process of the temperature correspondi?ig to the higher pressure 
(subscript l) and the ideal work when the temperature at the lower 
pressure (subscript 2) is known. For example, the value of y^ 
corresponding to 72 can be obtained from figure lu The quantities 

Yl, rt* and Y ( can then be computed from equations (I4.I4.) to (U6). 

The temperature T-) and ideal work can then be obtained from equa¬ 
tions (6) and (5), respectively, and the effective values of y or 
from figures 6 and 3 and the value of yq* 

Working charts for gas -t urbine computations , - In figures 9, 10, 
11, and 12 tie same thermodynamic quantities are presented in a form 
that was thought to be more familiar to turbine designers and 
easier to use. In each case the principal curves apply for air and 
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the correction factors take care of other gas compositions. The 
thermodynamic property given in any figure is multiplied by all of 
the corrections appearing on that figure. Figure 9 shows the ideal 
work plotted against pressure ratio and initial gas temperature. 

Ihe terms and are correction factors that depend on the 

fuel-air ratio and hydrogen-carbon ratio. The values of „ taken 

from figure 9 are multiplied by these correction factors. Figure 10 
shows the ideal jet velocity plotted against pressure ratio and initial 
gas temperature. The values taken from this figure are to be multi¬ 
plied by the correction factors K^ and to correct for 

T rt 

tho exhaust-gas composition# Figure .11 shows the ideal mass flow 
plotted against pressure ratio for various initial temperatures* These 

values are to be multiplied by the correction factors K and 
LI. ^ 

. It is assumed in this figure that the nozzles are of the con¬ 
vergent type and that the mass flow is constant above the critical 
pressure ratio* Figure 12 shows the ideal power per square inch of 
nozzle area per inch of mercury of inlot pressure as a function of 
initial temperature and pressure ratio* The values given by this 

figure must bo multiplied oy the correction factors K... K . and K-l ^ 2 

H* Y n 

In figure 12 the mass flow is taken as the critical value for all pres¬ 
sure ratios above tho critical ratio, but the work per pound is taken 
as the ideal value over the entire pressure-ratio range. 

The method by which the correction factors were obtained is 
described in appendix D. 


v 

I: 'R 


I 1 or the convenience of the reader in preparing enlarged charts, 
the data from which the curves of this report were plotted are tabu¬ 
lated in tables III to XIII* The correction factors K and K can 

Y M* 

be? computed from table XIII and figure IJ4 by the use of equations 
given in appendix D. 


Sample Computations 

The following computation is given to illustrate the method of 
obtaining the information from the two sets of curves: (l) figures 3 
to 8; (2) figures 9 to 12. 

1. Let it be desired to compute the ideal work, cower per square 
ir.ch, temperature drop, mass flow, and velocity for the case of exhaust 
gas having the fuel-air ratio of 0.090, hydrogen-carbon ratio of 0.189 
(octane), initial temperature of liiOO 0 F (i860 0 F absolute), initial 
pressure of 30 inches of mercury absolute, final pressure of 10 inches 
of mercury absolute, and pressure ratio of 3. 
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A. Ideal work: 


from figure 5 


From figure * 


From figure 5 


r l 


= 1.306 


r, = *7,68 

D 


Vi? 

•"th 


R b T 1 


= 0.9675 




w th - 0.9675 x 57»68 x 


= IO3.8OC (ft-lb)/(lb) 


The value of W^u can also be computed from equation (5) and fig¬ 
ure ?(h^ if -rreater accuracy than that given by figure 3 is desired. 


Ideal discharge velocity: 


From equation ( g ) 


U9 = v a m 



- in 


= •/'?. * 7:2 - 2 x 10.3,800 
U 2 = 2505 (ft)/(sec) 

0. Ideal mass flow through convergent nozzle: 
From figure 8 


m ^r~rrv{, t ~ 

J cr' 1 

-*-— k ) ' ' (9 


p-jA 


or 


ML 


E 


ut * = 0.1709 (lb)/(sq ir;.)(ooc) 


A 































D. Id^al power: 


Power per sq xn. 


g 


M 


or ... 


A 


Hh 


= 32.2); (hp)/(sq in.) 


E. Ideal discharge temperature: 
T <'rom figure 6 


m in’ 
■'?. / u 


i. 


= 0.768 


or 


Tp = Ik?8° F absolute 


The value of To could also have been computed by means of equa 
tion (7^ and figure 2(h). 

2. The same information can be obtained from figures ? to 
A. Ideal work: 

From figure 9 

(7» +h ) . = 122.3 (Etu.)/(lb) 

dir 

Kvj = 1.081 

d 

I< Y = 1 




W th = 122.3 x 1.081 x 1.0077 


- 133.2 (Btu)/(lb) 

= 103,600 (ft-lb)/(lb) 

B. Ideal nozzle velocity or ideal discharge velocity: 


From figure 10 





























' 


lh 


( 2 ) _ _ = 2h76 (ft)/(sec) 


air 


Y 


■R 


1/2 


= 1.0U0 


K 


1/2 _ 


Y 


= 1 


• V*** V. * J 


u ? = 2h76 x l.OUo x 1 .OO 39 

- 2989 (ft'-/(sec) 

C. Ideal mass flow through convergent nozzle: 


From figure 11 






= 0,00.997 (lb)/(sq in.)(in. Hg)(sec) 


K 


- 1/2 


R 


K 


u 


= 0.962 


= 0.9932 


V 

= 0.00997 x 0.962 x 0.99*2 x 30 

A 

= 0.1711 (lb)/(sq in.)(sec) 


B. Ideal power: 

From figure .12 


/ P t V. 

/ U* X 

i 



VP/. , 

^ i •• air 


= 1.07 


K y = 1.0077 

1/2 


.‘.r 


K 


K 


tx 


- 1 . 01*0 
= 0*9932 


Power per sq in. = 1.0*2 x 1.0077 x l.OiiO x 0.9932 x 3O 

= 72.22 (hp)/(sq in.) 


























Tfte dotted lines in figures 9 to ]_e xllusirate the iriethod of reading 
the values of the correction factors from these figures. 

Pigures 7 y 7^ 9 9 10, XI, and 12 have been reproduced, Oo large 
r-r ints suitable for comoutations. A set 01* chese or into is atunchoo. • 


comc urniNo ri^rks 


The spectroscopic specific beat data and classical ire trod of com¬ 
putation of thermodynamic properties oi. gases are given. An alter nat.ive 
method of computation in which the thermodynamic quantities associated 
with an isentropic expansion are calculated by use c:C two effective 
values of ratio of specific heats y simply reflated to the value of y 
at the start of the process and to the pressure ratio is presented. 

These values of y are used in the equations derived on the assumption 
of constant specific heat and thus permit convenient algebraic manipu¬ 
lation of the thermodynamic quantities. 

Two sets of charts for determination of the thermodynamic quanti¬ 
ties are given. One set is of a general nature in which nondimensional 
coefficients are used. In the second set of charts specific data of 
interest in turbine computations arc plotted against turbine operating 
corditions. 


Aircraft Engine Research Laboratory, 

Rational Advisory Committee for Aeronautics 
Cleveland, Ohio, 
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AFFINEIX A 


LI3T OF ASSUMPTIONS 


The follovdng assumption are made in computations of th U 
revrort: 


s 


1. The composition of the exhavsi gas does not change in 

* r > s.* 

goinr through the th e r m o d vna mic process. 

f. The composition of the exhaust pas in the mixture range 
leaner than stoichiometric is based on the condition that the fuel 
is completely converted to Q n o and HoC. 

' — L. 


7 


The composition of the exhaust gas in the mixture range 
richer than stoichiometric is governed by the equilibrium equation 




' ,»v o v / 

(il2) (COq) 


( 11 ) 


where the equilibrium constant K ir> frozen at the value of * .8. 
(See reference 8*) 


U. The amount of unburnecl hydrocarbons 


in the exhc 


negligible. 


ust gas is 


1 n 


ibnum. 


The internal energy .states of each component gas are in equi- 


6, Exhaust gas behaves as a perfect mixture of perfect gases• 

vith regard to assumption i it is fcnov/n that theoretically the 
equilibriujn constant K depends on the gas temperature* The following 
values are taken from reference 9: 
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EQUILIBRIUM CONSTANT FOR 
WATER-GAS REACTION 


Temperature 

i 

IC 

(°F abs.) 

(°C abs.) 

540 

300 

0.0000103 

720 

400 

.000147 

1080 

600 

.0369 

1440 

900 

.246 

1800 

1000 

.713 

2150 

120C 

1.395 

2520 

1400 

2.20 

2880 

1300 

3.055 

3240 

1800 

3.80 

| 

3600 

2000 

4.53 

3960 

2200 

5.21 

‘ 4320 

2400 

5.77 

4380 

2600 

6.22 

5040 

2300 

6.592 

5400 

! OUUU 

» . 

! 6.92 


These values are computed from spectroscopic data by means of equa¬ 
tions derived hy the methods of statistical mechanics. On the o^nei 
hand, experimental determination of the composition of exhaust gas by 
I"Alieva and Lovell (reference 6) leads to an average value for the 
equilibrium constant of 3,8. This value was obtained by analysis of 
cooled exhaust gas having an initial temperature probably less than 
2000° F absolute. At a gas temperature of 200C c F absolute, the 
fable shows a value for K of 1.07j whereas the value for K of o.O 
corresponds to a temperature of 3240° F absolute. The conclusion 
drawn from this evidence is that the rare oi the water-gas reaction 
is so slow for temperatures below approximately 3240° F absolute that 
for exhaust—turbine computations the equilibrium may oe considered as 
frozen at the composition corresponding to an equilibrium constant of 
3.8. This is also the basis for assumption 1. Although this 
assumption may be superseded at some later date by a more accurate^ 
assumption, it is believed to be considerably more accurate th.»n the 
assumption^that ga3 is in equilibrium at each temperature in accordance 

with the table. 
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APPENDIX B 


CLASSICAL THERMODYNAMIC CALCULATION 

The method of computing ^ is based on the following con¬ 
siderations. The heat added during a thermodynamic process is 
equal to the sum of the changes in internal energy and work 

dq = gMc v dT + i pdv (12) 

but 


Thus 


pdv = d(pv) - vdp ° gMR.dT - vdp 


dq = 


dT - i vdp 
F J 


For the case of zero heat added or subtracted during the expansion 
process, including heat arising from the formation and dissipation 
of turbulence, 


dq = 0 and gMc dT 


Y dp 

tl 


0 


(13) 


But by the gas law 


pv = gMR b T 


Then 



(1U) 

(15) 
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The quantity 


L 


T 

.v 


j. 


dT 


is the difference in entronv of the fra 


r.ciS 


"X 


at a pressure of 1 atmosphere and is designated by the smybol 

As (i) 55 S (Ty) “ s(7^;). 


Thus 


IQ Cf py ss q (T ) - g I' r P ') 

b - --\r J O . LV/ 


J 


t-X 


(17) 


The quantity s(T) ..for a given gas is a. function of T only. The 
values of 3(1), the en^r qy per mole of the elementary components 
of exhaust gas obtain ad from tables in references 1 to 7 ? are listed 
in table I. Since the comp*sition of the gas is assumed constant 
during a given expansion jrecess, the constant entropy of mixing has 
been neglected in all the calculations. 

# • 

The ideal work dore'.'oy the gas during this process is given by 
equation (1) 


Vr. ■ I ' X V 1T - / 

o o 


c r dT 


where T x and T v are the total temperatu 


vi r* /-• 
U-JL r- o • 


The quantity 


( 18 ) 


f 


G 


CpdT 


for a given gas in the range of present interest is a function only 
of T. It is usually designated enthalpy and given the symbol h(T). 
The values of H(!), or enthalpy per pound mole of the components of 
exhaust gas given in table I, were taken from references 1 to 7* 

Thus 


HI 


k¥+ h 


= h(T x ) - h(T v ) 


(19) 


The method cf computing called here the classical process, 

ts of the following si . ilues of VyjVy 

and Ty the value of T-r for an adiabatic expansion is found from 
equation (17) and the tabulated values of 3(T), Since T x and 
are known, the value of can be obtained from equation (19) and 

the tabulated values of H(T). 


T 

y 


The values of the thermodvnamic functions h, s. c r . and R 
are computed on the basis of assumptions given in appendix A. As a 
result of assumption 6, the heat content of a mixed gas is the sum of 
the heat consent of each component multiplied by the ratio of mass cf 
that component to the total mass of the mixture, A similar relation 
between the properties of the mixture and those of the constituent gases 
holds with regard to s, c c , and R. 



























o r\ 

C. 


Jr\ the caso of the gas constant the processes may be 

changed to that of finding the mean molecular weight since the gas 
constant f \.r 1•mole anight of any ideal gas is equal to the universal 
gas constant. 

Tuel-air ratios leaner than stoichiometric. - Consider the com¬ 
bust iorTTrrTTlTi^ir’wirig^^ weight of M a . 


rry, r ^. '',,r 

.i llbi..* i\J 


a 


the mass of air and flip is the mass of fuel. 


m 

.1 


he mass 


cf oxygen confined is 


fi.L , 


• • I 


16™ 

» / 4* • 


1+rr; ! 2.016 
u 


H 1 
12 


and the masses of vator vapor and carbon dioxide produced are 


. 

27015 


f 


f - : a 


1 -fyn 

- * 4 »• 


m 




i fJ!i 


snd -pgp , respectively. 


The fcllc "ring equations connecting the thermodynamic properties 
of the mixture vri.th those of the components are obtained by the use of 
the weighted averaging process: 


h b » 


.1 


Sb = 


l+f 


1+ f 


( ha 




i s 
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A m 

1 • r*iu 


+ f 


i+p\ 

ra+l j 

4. 

m+rA 

~+i / 
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(2C) 


Rv% - 

M 


n fltm 

)i.C32(m+i) 


•• • 

* -■ 


1 + f 


TV, 

* r * 


+ [ 


c p = 


. an+b 
m+1 


1 f 
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> 



t 

/ 


The values of ho, s : ,, Cp,, A,R, a, jp, a, and b are giver: in 
table IX. 


Richer than stoichiometric mixture. - The composition of the 
exhaust gas in the rich range is computed from the equilibrium equa 

tion 


K ■= 


(cc)(k 2 c) 

(h 2 )(cc 2 ) 


( 11 ) 


where K = 3.8. The units of concentration for the quantities in 
parentheses are taken as pound moles per pound mole of original com¬ 
bustion air. 

One method of solving this equation for the components of exhaust 
gas is as follows: let (Op), be the molal concentration of oxygen 

p6r pound mcle cf sir cind ( H C) b© th© mels.1 c one© q t,ion of wst-er 

* j j f 

vapor in the air before combustion. If (GO) , (COo) > and <H 2 0) 
represent the concentration of the exhaust gas per pound mcle of com¬ 
bustion air on the assumption that the hydrogen is completely burned 
to H-.C, then the true composition of the exhaust gas in terms of 

these fictitious values is given by 


(CO) = (CO)' - (H 2 ) 
(H?0) = (H 2 0) ! - (H 2 ) 




! 2 ?) 


(co 2 ) = (co 2 ) 


(Ho) 














































The qucntitios (00)', (HjO) ', and (302)' can readily be 
calculated from the krowr oxygen, water vapor, and .fuel quantit \es 
and are given by 


(cc 2 ) = 2(C 2 ) a - 


V f 


ML fra 

cl 


12(rn+3) 2.01<(m+l) 


\ 


(OC) 


m„ r 


Cl 


6( iT:+l) 


-2 (Go) + 


c. 


lip fra 


2.Cl6(m+l) r 

I 


(2U) 


(H 2 0) = 


M_ fra 


o 


2 .Cl6(ra+1/ 


— + (HpO) 

^ U. 


) 


Subst-itutten cf equations (23> into equation (11) and solution 
for / H) riives 


(Ho) 


m . •« . -09 % m ■ ii ^««. • *«. *• ». «« _*r • • • • • • • »• <» • • »• t« 

/f<(CCV}’+(coy+ 0?2ofj 4 +li(K-].)(0C) ’(TIpjO) - ^(GOeV+^'+CHpC-) '1 


2 Of - 1) 


( 2 $) 


The quantitv 
(00), (0C ? ), 


(h 2 ) 

and 


r- - T - 


new be 


determined from equation (2^) and then 
(H 2 C) may be determined from equations (?.’>)• 


The values of 


> s b.> ''Pb' 

the weighted average of the corresponding properties of the constituent 
gases as previously described, giving the relations 


id 
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ni Up are obtained by taking 
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( ! +r ) 


(Hg) 

17 
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a ncl 

f- ar 
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table 

TT 

—• • »w 

at of 

water 

vapor used 

in the 
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f, r , 6. €, 

The values of the 


V 

^ y 


n 


t 


given in reference ' . 


The values given in tables I and II include the contribution to 

of water due to molecular stretching as described 
Me change in figures 9 to 12 is necessary because 


the 
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referenc 
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only in the fourth place. 






























CONDITIONS FOR W.1W YtAl AND YpAl 
ARB FACTIONS ONLY OF PRESS(FiE RATIO 


The purpose of this discussion, is to show the conditions under 
•which the ratio of the effective values of y to the initial value 
Yi.are functions of the pressure ratio P]/Pp« Expressions for the 
effective values-of y ' will be-derived. 

The quantity called the entropy at 1 atmosphere is related to the 
temperature by 


ds = c 


dT 
P T 


For an isentropic process 


Jc dT 

D 


R b T 


Jds 

R b 


Y dT _ dp 
Y-l T " T 


(23) 


r 2 


r2 
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J I 


dT 
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Jx 


Y-.l dp 
Y p 


lop 
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l - log -1 - I I dP 


1 


Pi J 1 


P 


(29) 


where these and subsequent logarithms are to the natural logarithm 
base e. It is proposed to find first the conditions required for 
Yt/Yl to be a function only of Fq/pp• 


r > 


From equation (7) 


, L'2 /f Y\ „ 'Do 

log r — = :• 1 - J_ \ log 

j i v 'V p i 

’*1 


LVhen this expression for .Log T2/T] is equated to equation (29) and 
solution made for Yq, there is obtained 
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2fv 


nr» • 


'.'his relation shows that Yf/Y] is a function of P \/ P£ only when 
f/n is a function of p/pj. Thus 

r/n = f (p/fi) 


•vi 

ft 


P/Pl = F(y/yi) 


( 


- - ) 


vftiere 


Cl 


nd F indicate function so vet not known. 


But 


dp 


d ? '• y/Y |) dr 


Pi d ( r/Y|) ri 


Therefore, equation (28) becomes 


t_. .I O 


T). 

AC b 




i 




V / Yn 

dp _ f/ '1 
P 


dp( y/yx) dr 

B (Y/Y "1 ) d(r/Yl) Y 


(32) 


Since y is a function only cf T and. is independent of any arbitrary 
starting point such as y-j, the factor involving yq must be equal 

to a constant. Therefore, a further condition that YtA'i is a 
function only of Pq/Pp i- s that 


y/yx dFCr/Yj) 


F(y/yi) d (y/yx) 




VI 

i. 


(33) 


whore r is a constant. iflhen this equation is integrated, there 
results 
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7 (r/ A n ) 


_ / y\ 

V n / 
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*■ y 


From equation (31) 
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p/Pl = 
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•<ri J 
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or 


• / / / \ A 

T/Y] = (P/P l) 

is the condition that y+A'i is a function only of pp/po* This 

condition may be restated in a more convenient form. Equation (52) 
becomes 


(3U) 


,Hs 




dy 

ry 


On integration 


r 


J(s-s^) 

~rt; 

u 


= loy 


r 


V 

* 


(35) 


Equation (35) in equivalent to equation (jh) and indicates that 
Yf/Yi is a function only of pi/p? in the range where a plot of 

leg v against Js/Ry, yields a straight line. The slope of this line 
gives the constant r. 




Figure l 7 . shows log y plotted against Js/Ry> for the products 
of combustion of the .following mixtures: 
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temperatures a 
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SO 
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It 

is noted that 

in ea 

ch 

ca 

se 

the 

curv 


straight in the range of temperatures from 900 ° to 2^00° ? absolute 
and the slopes are substantially equal. In average value cf r for 
the four curves shown is 


Sub si iti it io n o f (p/p ^) J 
yields 


for 


Yt 


Y 
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r = -0.01U 

y/y-i in equation ( 7 0) and integration 

* • J- » ✓ / 


r log 


Pi 
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r > 
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(36) 
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Values computed from this relation show excellent agreement wain 
values given in figure 2(b ). 

Xt will new be shewn over the same range of conditions (that 
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where o'f/Yi is a 
a function only of y-^ 


^unction only of p^/pg) that 
and ri/pg• By definition 
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From equation 


















































23 


Or. iu'bsti tuition in the equation for /h 
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OL'.xi 

Wi 
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f 


1 OfiY 


ry 
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_ rnvpy dp 

tt —i- 

Pi 


Thus Ah/RpTp is seen to be a function of only y-| and pp/pj 

in the range in which leg y is a straight line when plotted against 
J s/%. 

% 

An expression for vp/yp will new be derived. From equation (5) 
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where y> is constant di.rirvg the integration, 7/hen this equation 
is subtracted from equation ( 7 9) ^ there results 
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This equation will fc* solved to obtain an expression for 
follows: Fouaticr. (F.0) mav be written 
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A useful series for this analysis is 
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1 + n leg X + 5 log‘-X + .. 
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(U2) 
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and also 
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are verv small, the terms in which 


n . n 

they are involved can be approximated by the first two terms of the 
series expansion. Thus 
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1 Y^S 

The term — lor — can be reolaced by an expression obtained from 

rt Pi 

equation (38) 


2 




1 


__L, 

/,x T l 1 

( jlA ■ ■ 

{ Pi ) 1 

V. v f 


1 


Y 1 r 


1 - ■ 


/*l\ r 


W 


Yk 


ion 


P ap _ 


Pi 


. P 1 


= C 


As r is very small (p]_/p) r can be replaced by the first three terms 


of its series expansion. (See equation (x2>) 
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VfhHn solution is made for y , jy, there results 
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The integrations indicated in the equation for yi/Yv. can be explic 
itly carried out. The fol'iovring approximate evaluation cf these 
Integra]s is more expedient in the present circumstances. 


1 


? 


!<B 

J i K v 


Yt 

J. 


T) 


log- 


~ - 1 1 dp 


ta 

Jh 


p 


i 


x - 


1 


n_A 


A/* 

r 


i 


log 


Pi 

p 


d log 


E 

P 


1 




















































For the purpose at hand it is sufficiently sc curate, to replace the 
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1 - 


term f -—N ' by the first three terms of the series expansion 

. C 'l 

s J 


(equation ('.2)). Thus 
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the, bracketed quantity reduces to 1. 
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Since the last term is of the order of 0.01 or less over the usual 
range of pressure ratios,the further approximation 
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h - i r _ Pi 
- - 1 - T log — 

! 1 ' P 2 


is permissible. Values computed from this relation agree closely 
vith values obtained from figure 2(a). 

t • 

Another form in which may bo written is 
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This relation is' seen tc reduce to th^ previous form when the first 
two terms of the series expansion are taken. 

Other forms for the y ratios may be found that may be useful. 
The quantity Y^/Vp reduces to the following expression when the 

first three terms of the series expansion for (p-^/p )2 are used. 
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This relation may also be represented to a sufficient degree of 
accuracy by the following equation. (See equation (1:2).) 
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To summarize: In the region where log y plots as a straight line 
against Jsand when r the slope of this line is small compared 

with unity 
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(U5) 


Y-. 



(U6) 


For any given value of Js/Fc^ the difference between the va].ues 
of log y given by the curve and the straight line represents the 
percentage error in y when the straight line is used as an approxi¬ 
mation for the curve (fig* 1J). This result follows from the rela¬ 
tion d log y = dy/y. It is noted that in the range from 900° F 
absolute (UU0° F) to 2 £G0° F absolute (211±0° F) the error in the value 
of y. given by the straight line is less than 0.1 percent. 


APPENDIX D 

TU'S CONSTRUCTION OF THE CORRECTION CHARTS 

Three terms are required to correct thermodynamic quantities for 
changes in gas constant and ratio of specific heats. The correction 
factor Ko is equal to the ratio of the gas constant for exhaust gas 
to that for air. 
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The correction factor K*. for the effect of changes in y on W. 
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K 


Y 


= i * i x_ c ': / ± h ^ 


th 


By / y. 


Y s being taken as 1*329, the value of y for air at 1980° F abso¬ 
lute. The corrections shoun in figures 9 to 1?. are thus actually 
set up for 1980° F absolute. The error involved in the use of this 
correction factor for other initial temperatures is negligible. 

The correction factor for mass flow is given by 


K u "*■ + 


/ y dM \ Ay 

yk By / y 


3W th 

The values of the two logarithmic partial derivatives .tt— ■ 

Y 3m h or 

ti —, evaluated for a y of 1.55 using the formulas for constant 
* i By 1 


and 


specific heats, are shown in figure I 4 . The values of the correction 
factors are practically independent of the value of y used in these 
computations. 
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TABLE I 

THERMODYNAMIC FUNCTIONS OF EXHAUST-OAS CONSTITUENTS 

IN THE STANDARD STATE 


T 

(°K) 

T 

(°F aba.) 

**2 

(a) 

CO 

(a) 

n 2 

°2 

h 2 o 

(b) 

CO 2 

(b) 

A 

(c) 



• 


Enthalpy, 

H - B 0 , (Btu )/(lb mole) 



300 

540 

3,665.3 

3,753.4 

3,752.6 

3,748.5 

4,284.8 

4,061.0 

2,682.3 

400 

720 

4,915.6 

5,010.1 

5,007.6 

5,026.3 

5,743.8 

5,755.5 

3,576.4 

500 

900 

6,172.7 

6,281.6 

6,272.6 

6,344.3 

7,237.9 

7,606.2 

4,470.5 

600 

1080 

7,431.1 

7, r >77.3 

7,556.2 

7,704.0 

8,776 

9,590.2 

5,364.6 

700 

1260 

8,696.3 

8,903.2 

8,865.9 

9,105.5 

10,368 

11,678 

6,258.7 

800 

1440 

9,967.0 

10,261.1 

10,204.6 

10,542.2 

12,009 

13,855 

7,152.8 

900 

1620 

11,246.4 

11,649.4 

11,572.4 

12,009 

13,706 

16,107 

8,046.9 

1000 

1800 

12,539 

13,065 

12,967 

13,499 

15,460 

18,419 

8,941.1 

1100 

1980 

13,847 

14,505 

14,387 

15,009 

17,266 

20,786 

9,836.1 

1200 

2160 

15,171 

15,967 

15,829 

16,538 

19,140 

23,195 

10,729 

1300 

2340 

16,513 

17,447 

17,291 

18,080 

21,046 

25,643 

11,623 

1400 

2520 

17,874 

18,943 

18,769 

19,636 

23,013 

28,123 . 

12,517 

1500 

2700 

19,254 

20,453 

20,263 

21,205 

25,017 

30,631 

13,412 

Rpfer- 









ence-- 

————————— 

1 

2 

2 

3, 4 

5, 6 

7 





Entropy at 

1 atmosphere 

pressure, S, 

(Btu )/(lb mole)(°P) 


300 

540 

31.269 

47.357 

45.828 

49.061 

45.179 

51.140 

28.332 

400 

720 

33.267 

49.366 

47.833 

51.121 

47.509 

53.842 

29.761 

500 

900 

34.826 

50.942 

49.401 

52.740 

49.361 

56.135 

30.870 

600 

1060 

36.101 

52.254 

50.701 

54.117 

50.919 

58.141 

31.775 

700 

1260 

37.184 

53.389 

51.822 

55.314 

52.280 

59.929 

32.541 

800 

1440 

d 38.126 

54.396 

52.815 

56.381 

53.499 

61.543 

33.204 

• 

900 

1620 

38.964 

55.304 

53.710 

57.342 

54.608 

63.016 

33.789 

1000 

1800 

39.721 

56.133 

54.527 

58.214 

55.634 

64.370 

34.313 

1100 

1980 

40.413 

56.896 

55.279 

59.013 

56.590 

65.623 

34.786 

1200 

2160 

41.053 

57.602 

55.976 

59.751 

57.490 

66.787 

35.218 

1300 

2340 

41.650 

d 58.261 

56.626 

60.437 

58.343 

67.875 

35.616 

1400 

2520 

42.210 

58.876 

57.234 

61.075 

59.151 

68.897 

35.984 

1500 

2700 

42.739 

59.455 

57.807 

61.680 

59.921 

69.858 

36.327 

Refer- 









ence-- 


• 1 

2 

2 

3, 4 

5, 6 

7 





Specific heat at constant pressure, Cj 

,, (Btu )/(lb mole)(°7) 


300 

540 

6.896 

6.964 

6.960 

7.021 

8.030 

8.908 

4,967 

400 

720 

6.974 

7.013 

6.991 

7.197 

8.192 

9.885 

4.967 

500 

900 

6.992 

7.122 

7.071 

7.434 

8.425 

10.676 

4.967 

600 

1060 

7.008 

7.279 

7.200 

7.675 

8.690 

11.324 

4.967 

700 

1260 

7.035 

7.455 

7.355 

7.890 

8.974 

11.862 

4.967 

800 

1440 

7.079 

7.629 

7.516 

8.069 

9.273 

12.312 

4.967 

900 

1620 

7.141 

7.792 

7.676 

8.216 

9.580 

12.689 

4 .967 

1000 

1800 

7.220 

7.936 

7.821 

8.341 

9.891 

13.005 

4.967 

• 

1100 

1980 

7.314 

8.061 

7.952 

8.445 

10.196 

13.27 

4.967 

1200 

2160 

7.406 

8.175 

8.069 

8.534 

10.492 

13.50 

4.967 

1300 

2340 

7.506 

8.269 

8.169 

8.612 

10.776 

13.69 

4.967 

1400 

2520 

7.613 

8.346 

8.252 

8.677 

11.043 

13.86 

4.967 

1500 

2700 

7.718 

8.422 

8.334 

8.742 

11.291 

14.00 

4.967 

Refer- 









ence-- 


1 

2 

t 

2 

3, 4 

5, 6 

7 

Calc. 


a Taklng E© * 0 for C(> 2 » H 2 O, ©2* ^ or co and ^2 has been assumed to have the values: 


gas B 0 

CO 119,626 

H2 102,243 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


^Values not appearing in the original references, calculated by means of the identity H = TS F. 


Calculated by ideal gas law, C p =s 4.967, 

d Original reference in error. Tabulated 

to ±0.001(Btu)/(lb mole)(op). 


S - | R log T. 

value interpolated and relatively accurate 
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TABLE II 

DERIVED THERMODYNAMIC FUNCTIONS OF OASES 


T 

(°K) 

T 

Factors for calculating enthalpy h,(Btu)/(lb) 

V r ADS * / 

A 

B 

c 

(1) 

D 

(1) 

E 

(1) 

p 

(i) 

**a 

300 

540 

1195.8 

26.042 

242,385.3 

20,224.6 

61,311.2 

-17,694.9 

129.13 

400 

720 

1602.6 

60.767 

242,787.5 

20,293.1 

61,817.8 

-17,465.6 

172.46 

500 

900 

2016.9 

105.325 

242,943.1 

20,350.6 

62,270.7 

-17,121.6 

216.40 

600 

1080 

2442.8 

157.18 

242,930.2 

20,401.4 

62,693.3 

-16,712.2 

261.13 

700 

1260 

2884.9 

214.38 

242,808 

20,448.4 

63,105.1 

-16,279.6 

306.85 

800 

1440 

3343.3 

276.07 

242,606 

20,493 

63,514.0 

-15,831.5 

353.62 

900 

1620 

3821.0 

341.50 

242,346 

20,537 

63,927.0 

-15,385.0 

401.38 

1000 

laoo 

4321.6 

410.00 

242,043 

20,580 

64,352.0 

-14,950.0 

450.04 

1100 

1980 

4842.9 

481.42 

241,699 

20,623 

64,788.0 

-14,521.0 

499.52 

1200 

2160 

5388.6 

554.75 

241,334 

20,666 

65,244.0 

-14,124.0 

549.73 

1300 

2340 

5956.6 

630.25 

240,940 

20,709 

65,713.0 

-13,720.0 

600.58 

1400 

2520 

6545.1 

707.2 5 

240,528 

20,751 

66,202.0 

-13,342.0 

651.96 

1500 

2700 

7152.6 

785.50 

240,101 

20,794 

66,701.0 

-12,968.0 

703.86 



Pactors for calculating entropy 8,(Btu)/(lb) (°F) 



a 

p 

r 

6 

e 

C 

8 a 

300 

540 

10.242 

0.1733 

41.495 

3.6312 

20.534 

-10.121 

1.5992 

4 00 

720 

10.887 

.2268 

42.169 

3.7408 

21.345 

-9.766 

1.6686 

500 

900 

11.404 

.2829 

42.354 

3.8124 

21.909 

-9.315 

1.7229 

600 

1080 

11.835 

.3353 

42.343 

3.8639 

22.337 

-8.931 

1.7682 

700 

1260 

12.214 

.3846 

42.234 

3.9041 

22.689 

-8.556 

1.8073 

800 

i- 1440 

12.554 

.4302 

42.087 

3.9374 

22.992 

-8.226 

1.8420 

900 

1620 

12.865 

.4728 

41.918 

3.9660 

23.262 

-7.932 

1.8733 

1000 

1800 

13.159 

.5130 

41.740 

3.9913 

23.511 

-7.676 

1.9018 

1100 

1980 

13.434 

.5508 

41.559 

4.0141 

23.741 

-7.450 

1.9280 

1200 

2160 

13.698 

.5863 

41.381 

4.0348 

23.961 

-7.252 

1.9523 

1300 

2340 

13.950 

.6198 

41.209 

4.0539 

24.171 

-7.079 

1.9749 

1400 

2520 

14.193 

.6518 

41.0$3 

4.0713 

24.370 

-6.920 

1.9960 

1500 

2700 

14.426 

.6815 

40.874 

4.0877 

24.563 

-6.779 

2.0159 



Factors for calculating specific heat at constant pressure c D , 





(Btu)/(lb)(°P) 





a 

b 

c 

d 

e 

0 

c Pa 

300 

540 

2.242 

0.1573 

3.133 

0.4163 

3.019 

0.810 

0.2400 

400 

720 

2.278 

.2240 

1.453 

.3451 

2.639 

1.654 

.2421 

500 

900 

2.336 

.2702 

.326 

.2973 

2.416 

2.121 

.2460 

600 

1080 

2.407 

.3041 

-.415 

.2695 

2.304 

2.363 

.2512 

700 

1260 

2.495 

.3310 

-.924 

.2540 

2.266 

2.468 

.2569 

800 

1440 

2.599 

.3536 

-1.297 

.2455 

2.277 

2.489 

.2626 

900 

- 1620 

2.714 

.3728 

-1.578 

.2412 

2.323 

2.458 

.2679 

1000 

1800 

2.838 

.3887 

-1.797 

.2389 

2.392 

2.398 

.2727 

1100 

1980 ' 

2.963 

.4021 

-1.973 

.2377 

2.429 

2.327 

.2770 

1200 

2160 

3.088 

• 4138 

-2.116 

.2375 

2.563 

2.241 

.2808 

1300 

2340 

3.209 

.4232 

-2.230 

.2373 

2.656 

2.153 

.2641 

1400 

2520 

3.326 

.4319 

-2.351 

.2360 

2.743 

2.064 

.2868 

1500 

2700 

3.433 

.4382 

-2.414 • 

.2370 

2.834 

2.005 

.2895 


1 


The value for E 0 of Hg and CO have been added. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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iSLE III - THEORETICAL WORK AVAILABLE IN AN I3ENTROPIC EXPANSION 

[Data from this table were used in preparing figure 3 of report.] 




Pressure 

Ratio of specific heats at initial temperature, Yp 

ratio. 

Pi / Po 

1.28 

1.30 

1.32 

1.3U 

1.36 

1 

1.38 

1.10 



Available work. 

^th/ftbll 


1.2 

0.1787 

0.1735 

.1763 

0.1732 

0.1780 

0.1778 

0.1776 ' 

l-.l 

. 32)43 

.3237 

.3231 

,3225 

.3219 

,3213 

.3208 

1.6 

.1165 

,1153 

.llll 

, 14)429 

.I 4 H 8 

.H 07 

.1397 

1.8 

.5512 

• 5193 

^5175 

. 5157 

. 51lo 

, 5121 

.5108 | 

2.0 

*6'h26 

. 6400 

.6375 

.6351 

.6323 

.6305 

. 6281 

2-5 

.8290 

.8216 

, 820)4 

.8161; 

,8125 

.8087 

.8050 

3 

. 97 UU 

,9683 

*9621; 

.9567 

.9513 

„9U6o 

. 9110 

3-5 

1.0926 

1.0319 

1 . 077 U 

1.0703 

l. 063 U 

1.0567 

1. 0501 

1 

1.1917 

1.1821 

1,1735 

1.1619 

1,1567 

1.1187 

l.lUll 

5 

1.3503 

1.3332 

1.3266 

1,3155 

1 . 30 U 8 

1.2916 

1.2817 

6 

1.1739 

1.1593 

1 .1153 

1 ,)4320 

1,14192 

1.1070 

1.3952 

7 

1.5713 

1.5575 

1,5115 

1.5261 

1 . 511 I 4 

1,1971 

1.1839 

8 

1 .65 83 

1.6395 

1.6216 

1.6015 

1.5881 

1,572)4 

1.5571 

9 

1.7332 

1 .7096 

1.6899 

1.6712 

1,6533 

1,6362 

1.6.198 

10 

1.7928 

1.7706 

l,7l9li 

___i, 

1.7292 

_ • 

1•7099 

1.6915 

1.6738 


J 
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~SLE V “ GAS CONSTANT OF COMBUSTION GASES 


Fuel- 

air 

ratio 

Hydrogen-carbon ratio 

0 . 08 U i 0.100 

-_. i 

0.125 

0.150 

0.175 

0.139 

0.200 

Gas constant R^, (ft lb)/(lb)( c F) 

0.01 

53.12 53.17 

53.2U5 

53.32 

53.39 

53. U3 

53 . U6 


.02 

.03 

.Oh 

.05 

.06 

.07 

.08 

.09 

.10 

.11 

.12 


i 92.66 

52.U5 

92.23 
92.01 
91 .309 


92.81 


92. 





92.17 
92.30 
92.1U 
92.86 
93.39 9h.09 


93.23 


9U.32 

99.63 

96.73 


99.30 
96.U8 
97.69 


53'. Oh 
92. 9 k 

92 »8u 

92.7h 
52.69 

93 • 32 

59.155 
56.U7 

57.76 
59.03 


53.25 
53.22 
53.19 

53.16 

53.26 
5U.73 

56.17 

57.99 

53.98 

60.35 


53.h6 

53 * 50 
53.53 
53.57 
5U.03 

55.60 

57.15 
58.67 

60.15 

61.61 


53.57 1 
53.6h 
53. TV 

53.78 

5U.L5 
56.08 
57.68 
59.2U 

60.79 

62.30 


53.66 

53.77 

53.86 

53.95 

9U.77 
56. kk 
58.03 
59.69 

61.27 

62.82 


TABLE VT - TEMPERATURE CHANGE IN AN ISENTROPIC EXPANSION 
[Data from this tableware used in preparing .figure 6 of report.] 


Pressure 

ratio 

p i/p 2 

Ratio 

of specific heats at inic:V.- te 

mperature, yi 

1.28 

1.30 

1.32 

1.3U ! 

1.36 

1.33 

1.U0 

Ratio of 

final temperature to in 

itial temperature, T 2 A 1 

1.2 

0.9607 

0.9^36 

0*9666 

0.95h7 

0.9527 

0.9809 

0.9U91 

l.U 

.9285 

.92U3 

.9212 

.9177 

. 91U3 

. 911.1 

.9079 

1.6 

• .9013 

.8962 

.891U 

.8367 

.3821 

.8777 

.8735 

1.8 

.8778 

.8717 

. 8657 

. 3600 

.85h5 

o8U92 

.8UU1 

2.0 

.8572 

.8502 

• 8U33 

.8368 

.8305 

.82UU 

.8185 

2.5 

. 81B8 

.6059 

• 797h 

.7392 

.7313 

.773-3 

. 7666 

3.0 

• 781U 

.7712 

• 7615 

.7521 

.7U32 

.73U6 

.7263 

3.5 

• 75hl 

, 7h88 

• 7322 

.7220 

.7122 

.7029 

.6939 

U.o 

.7308 

.7189 

.7075 

c6966 

<.6862 

.6762 

. 6667 

5 

.6935 

,680h 

.6679 

.6560 

. 6uh6 

.6333 

, 623 k 

6 

. 66Ul 

.6501 

.6368 

.62U2 

.6122 

<.6008 

.5399 

7 

.6U01 

.6255 

.6116 

.5985 

.5860 

.57hl 

.5628 

8 

.6193 

. 6oi+7 

.590L 

• 5769 

• 56U1 

.5519 

.5UC3 

9 

.602h 

.5369 

.5723 

.5585 

•5U5h 

.5330 

.5211 

10 

.5873 

.5715 

.5566 

.5h2o 

.5292 

.5166 

• 60U6 


rational Adviser:*-” Committee 
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table vii - 

[Data from this 


ENTHALPY CHANGE 
table were used 


A FUNCTION OF TEMPERATURE 
in preparing figure 7 of report.] 


Temper— 

Ratio of specific heats at initial temperature, Yp 

ature 

ratio. 

1.28 

1.30 

1.32 

1.36 

I .36 

1.38 

1.60 

t 2 Ai 

Change in enthalpy, -JAh/RbTp 

0.99 

0 .OU 566 

0.06329 

0.06121 

0.03938 

0.03779 

0.03629 

0.03697 

.98 

.09123 

.03680 

.08236 

.07370 

.07868 

.07286 

.06992 

.97 

.1367 

.1296 

.1236 

.1180 

.1131 

.1087 

.1068 

.96 

.1821 

.1727 

•l6hU 

.1872 

.1807 

.1669 

.1397 

.99 

.2271 

.2187 

.2086 

.1963 

.1882 

.1810 

.1768 

.90 

.6923 

,6293 

.6091 

.3912 

.3782 

.3609 

.3680 

.3$ 

.6768 

06 U 06 

.6108 

.8863 

.8607 

.8396 

.8206 

.80 

• 8936 

. 8U91 ! 

,8101 1 

.7786 

.7666 

.7167 

.6918 

.78 

1.1100 

1.0^80 

1.0078 

.9668 

*9266 

. 8922 

. 8611 

.70 

1.3228 

1.2890 

1.2028 

• 

1.1822 

1.1072 

1.0666 

1.0297 

• 65 

1.8328 

1.6897 

1.3980 

1.3376 

1.2386 

1.2339 

1.1968 

.60 

1.7U01 

1.6880 

1.8386 

1.8206 

1.6623 

1.6096 

1.3619 

.88 




1.7021 j 1 . 63 72 

1.8788 

— ■■ ■—. 

1.3288 


TABLE VIII- CRITICAL PRESSURE RATIO AND CRITICAL MASS-FLOW FACTOR 
[Data from this table were used in preparing figure 8 of report.] 



Ratio of specific heats at initial temperature, Yp 

1.23 

I .30 

1.32 

1.36 

1.36 

1.38 

1.60 

Critical 

pressure 

ratio, 

Pp/P 2 

1.8277 

1.8603 

1.3828 

1 .8663 

1.3768 

1.3392 

1 •9013 

P X A 

0.66686 

. 

0.66809 

0.67179 

J 

0,67933 

0.67892 

0.68232 

0.68878 


National Advisory Committee 
for Aeronautics 
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TABLE IX - IDEAL K)RK IN THE EXPANSION OF AIR 



table were used in preparing figure 9 of 



Initial temperature, T., °F absolute 


ratio, 

p i/p 2 

1200 

| 1300 

| 11*00 

| 1500 

| 1600 

| 1700 

| 1800 

| 1900 

[ 2000 

- _Ideal work, (Btu)/(Ib) 

1.025 

2.025 

2.19U 

2.363 

2.531 

2.698 

2.867 

3.033 

3.201* 

3.375 

1.050 

3.988 

U.320 

1**655 

U.987 

5.321 

5.652 

5.988 

6.320 

6.653 

1.075 

5.895 

6.386 

6.979 

7.371 

7.862 

8.353 

• 8.81*1* 

9.335 

9.333 

1.100 

7.71*2 

8.389 

9.036 

9.681* 

10.33 

10.98 

11.63 

12.27 

12.91 

1.125 

9.537 

10.31* 

11.13 

U.93 

12.73 

13.53 

U*.33 

15.12 

15.92 

1.150 

n.29 

12.23 

13.17 

11*.16 

15.06 

16.01 

16.95 

17.89 

18.81* 

1.20 

11*. 6ii 

15.36 

17.09 

18.31 

19.51* 

20.77 

22.00 

23.22 

21*.1*5 

1.25 

17.82 

19.31 

20.81 

22.30 

23.80 

25.29 

26.79 

28.28 

29.77 

1.30 

20.81* 

22.59 

2lt.3!» 

26.09 

27.83 

29.58 

31.31* 

33.09 

31*. 83 

1.1* 

26.1*7 

28.69 

30.91 

33.11* 

35.36 

37.58 

39.81 

1*2.05 

1*1*.27 

1.5 

31.61 

31*.25 

36.92 

39.58 

1*2.2!* 

1*1*.90 

1*7.57 

50.22 

52.90 

1.6 

36.32 

39.37 

1*2 .1*1* 

1*5.50 

1*8.56 

51.63 

5U.70 

57.76 

60.31* 

1.7 

1*0.67 

1*1*.10 

1*7.51* 

50.97 

51* .1*0 

57.85 

61.29 

61*.72 

68.15 

1.8 

1*1*.71 

1*8.1,7 

52.27 

56.03 

59.81* 

63.63 

67.39 

71.19 

71*. 97 

1.9 

1*8.1,7 

52.56 

56.67 

60.77 

61*.89 

69.01 

73.10 

77.23 

81.33 

2.0 

51.98 

56.39 

6 O .78 

65.20 

69.61 

71*.03 

78.1*5 

82.88 

87.1*0 

2.25 

59.90 

61*.97 

70.01* 

75.15 

80.23 

85.35 

90 . 1*6 

95.57 

100.66 

2.50 

66.70 

72.39 

78.05 

83.76 

89.1*5 

95-18 

100.87 

106.57 

112.1*1 

3.0 

78.11 

81*.76 

91.1*3 

98.11* 

101*. 82 

111.51* 

118.21* 

121*. 97 

131.65 

3.5 

87.31 

9U.75 

102.25 

109.73 

117.23 

121*. 79 

132.31 

139.81 

11*7.35 

l*.o 

91*. 86 

103.00 

111.15 

119.1*1 

127.5U 

135.80 

11*3-99 

152.23 

160.60 

5.0 

106.97 

116.23 

125.1*3 

131*.73 

11*1*.01 

153.33 

162.67 

171.95 

181.1*8 

6.0 

116.27 

126.1*1 

136.1*1* 

11*6.63 

156.71* 

166.95 

177.09 

187.27 

197.61* 

7.0 

123.79 

131*. 59 

11*5.30 

156.18 

166.98 

177.88 

188.75 

199.59 

210.71 

8.0 

130.02 

11*1.1*3 

152.87 

161*. 18 

175-52 

I87.09 

198.1*5 

209.97 

221.59 

9.0 

135.32 

11*7.29 

158.96 

171.03 

182.81 

191*. 32 

206.71* 

218.75 

230.39 

10.0 

139.99 

152.27 

161*.38 

176.85 

189.08 

201.56 

213.92 

226.28 

238.93 


2100 


3-5U5 

6.997 

10.32 

13.57 

16.72 

19.79 
25.63 
31.27 

36.58 
1*6.1*9 
55-56 
63.91 
71.62 

78.79 
85.1*7 

91.70 
105.77 
118.00 
138.37 
15U.90 

168.69 
190.60 
207.65 
221.36 
232.92 
21*2.71 
251.10 
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U.219 


3.716 

7.315 

10.81 

D *.21 

17.51 

20.73 

26.90 

32.76 

38.3!* 

1*8.72 

58.23 

66.97 

75.07 

82.58 

89.60 

96.15 

110.88 

123.69 
11*5.11* 
162.1*3 
176.31* 

199.69 
217 . 81 * 
232.31* 
21*1*. 36 
251* .1*6 
263.59 


3.880 

7.61*9 

11.31 
11*. 36 

18.31 
21.67 

28.52 
31*. 25 
1*0.09 
50.96 
60.90 
70.05 
78.51 
86.35 

93.69 

100.56 

116.00 

129-UU 

151.97 

169.99 

185.15 

209.26 

228.03 

21 * 3 . 11 * 

255.90 

266.68 

276.02 


U.055 

7.979 

11.80 

15.51 

19.11 

22.62 

29-36 

35.76 
1*1.95 
53.17 

63.55 
73.10 
81.93 

90.15 

97.77 
101*. 97 
121.12 
135.09 
158.53 

177.52 

193.32 
219.10 
238.21 
251*.09 

267.31 
278.61* 
288.1*1 


8.315 

12.30 

16.15 

19.90 

23.56 

30.58 

37.21* 

1*3-59 

55.1*1 

66.23 

76.19 
85.1*0 
93.95 
101.95 
109.1*1* 
126.22 
11*0.85 
165.30 
185.12 
201.59 

227.97 
21 * 8 . 1*8 
265.17 
278.93 
290.71 
301.07 


U.336 

8.652 

12.73 

16.81 
20.71 
21*. 51 

31.82 
38.75 
1*5-35 
57.65 
69.91 
79.27 
88 . 21 * 

97.73 
106.05 
113.83 
131.35 
11 * 6.58 

171.98 

192.61 
209 . 81 * 
237.1*1 

258.61 
276.01 
290.1*3 
302.72 

313.52 


I*. 558 

8.983 

13.23 

17.1*5 

21.50 

25-1*5 

33.03 

1 * 0 . 21 * 

1*7.09 

59.87 

71.56 

82.32 

92.29 

101.1*9 

110.13 

118.23 

136.1*2 

152.21* 

178.70 
200.07 
217.97 
21*6.62 
268.66 
286.75 
301.71* 
3U*.51 
325.71* 
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TABLE X - IDEAL MASS FLOW OF AIR 



ta froa this table 


were used in 


preparing figure 11 of report 
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Pressure 
ratio , 

W* , 

Initial temperature, Ti, °P absolute 

1200 | 1500 | 1L00 | 1500 | 1600 1 1700 | 1800 | 1900 | 2000 | 2100 | 2200 \ 2300 | 2i*00 | 2500 | 2^00 | 2700 

Ideal mass flow, M, (lb)/(sec)(sq in.)(in. Hg initial pressure) 

1.025 

1.050 

1.075 

1.100 

1.125 

1.150 

1.20 

1.25 

1.3 

l.U 

1.5 

1.6 

1.7 

1.8 

0 . 0021*00 

.003509 

.003955 

.001*1*57 

.001866 

.005210 

.005751 

.006159 

.0061*73 

.006916 

.007181 

.007552 

.0071*38 

. 0071*82 

0.002306 

.003179 

.003799 

• 00 L 281 

.00L67L 

.005003 

.005522 

.00591U 

.006216 

.006635 

.006893 

.007050 

.007138 

.007179 

- - 

0.002222 

.003063 

.003630 

. 001 * 121 * 

. 001*502 

.001*819 

.005320 

.005696 

.005985 

.006392 

.006633 

.006790 

.006857 

.006906 

! - 

0 . 0021 L 6 

.002959 

.003535 

.00398L 

.00L3U9 

. 00 L 166 I 

.005137 

.005500 

.005779 

.006167 

.006L0L 

.0065L8 

.006627 

•00666L 

0.002077 

.002865 

. 0031*22 

.003856 

.001*209 

.001*505 

.001*972 

.005323 

.005563 

.005970 

.006192 

.OO 6338 

.006399 

.0061*1*3 

0.002015 

.002779 

.003319 

.00371*1 

.001*083 

.001*570 

.001*822 

.005162 

. 0051*22 

.005781* 

.006006 

.006139 

.006212 

.00621*6 

0.001957 

.002701 

.003225 

.003635 

.003968 

.001*21*6 

.001*685 

.005011* 

.00521*0 

.005618 

.005829 

.005965 

.006021 

.006061 

0.001906 

.002628 

.003139 

•003557 

.003860 

.001*131 

.001,558 

.001,879 

.005121* 

. 0051*66 

.005673 

.005793 

.005865 

.005896 

0.001858 

.002562 

.003060 

.0031*1*7 

.003763 

.001,026 

.001*1*1,2 

.001,753 

.001*992 

.005327 

.005522 

.005650 

.005702 

.005739 

0.001813 

.002500 

.002985 

.OO 3563 

.003672 

.005928 

.001*335 

.001,627 

.001,857 

.005193 

.005390 

.005508 

.005571 

.005598 

0.001772 

.0021*1*2 

.002916 

.003286 

.003586 

.003837 

. 001*232 

.001,528 

.001*732 

.005071* 

.005260 

.005381 

.0051*29 

.0051*63 

\ 

0.001732 

.002388 

.002852 

.003213 

.003507 

.003752 

.001*167 

.001*1*28 

. 001*651 

.001*958 

.00511*5 

.005256 

.005315 

.00531*0 

0.001697 

.002337 

.002792 

.00311*5 

. 0031*32 

.003673 

.001*051 

.001,336 

.001*528 

.001*855 

.005029 

. 00511*6 

.005192 

.005221* 

0.001661 

.002290 

.002736 

.003081 

.003362 

.003597 

.003968 

.001*21*6 

.001*1*58 

.001,752 

. 001*930 

.005036 

.005093 

.005116 

0.001629 

.00221*6 

.002682 

.003021 

.003297 

.003527 

.003891 

.001*163 

.001*371 

.001*659 

.001*833 

.001*937 

.001*991 

.0050U* 

0.001599 

.002201* 

.002621 

.002961* 

.003235 

.0031*61 

.003817 

.001*081* 

.001*289 

.001,571 

.001*71*2 

.001,81*3 

.001*897 

.001,919 

Critical 
pressure 
ratio—^ 

1.881 

1.878 

1.871* 

1.871 

1.868 

1.861l 

1.862 

1.860 

1.857 

1.855 

1.853 

1.852 

1.850 

1.81*9 

1.81*7 

1.81*7 

Critical 

mass 

flow, 

"cr —* 

0.0071*92 

0.007187 

0.006915 

0.006670 

0.0061*51* 

0.006250 

0.006067 

0.005899 

0.00571*1* 

0.005601 

0.0051*68 

0.00531*3 

0.005228 

0.005118 

0.005016 

0.001,921 
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TABLE XI - IDEAL POWER FOR AIR 
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T.-.JLE XIX - CORRECTION FACTOR FOR CHANGE IN GAS CONSTANT 


Fuel- 
air 
rat: c 

Hydrogen-carbon ratio 

0.08U i0.100 

0.129 

0.190 

0.178 

0.189 

2.00 

Correction factor, Kr 

t 

0.01 

.02 

.OJ 

,0U 

1 08 
* J 2 

.06 

.0? 

.08 

.09 

.10 

.11 

.12 

0.9986 

.9918 

.9371 

.9330 

.9789 

• 97 h9 
.9710 
.9790 
1.0006 
1.0219 
1.0ii28 

I.O633 

0.9966 
.9932 
.9399 
.9367 
.9338 

.930)4 

.9773 

.9903 

1.0139 

I.0368 

I.0987 

1.0308 

0.9900 
. 9961 
• 99U1 
.9923 
.990h 
.9886 
.9868 
1.0037 
1.0338 
1.0888 
1.0826 
1.10614 

0.999U 

.9938 

.9982 

• 9976 
.9970 

• 9968 
.9983 

1.0288 
1.0829 
l.079ii 
1.1088 
1.] ■ 

1.0007 

1.OOlU 
1.0020 
1.0027 
1.0033 
l.OOUO 
1.0128 
1.0)422 
1.0712 
1.0996 
1.1278 

1.18)43 

l.OOlU 

1.0028 

1.00)41 

1.0088 

1.0068 

1.0081 

1.0206 

1.0911 

1.0811 

1.1109 

1.1393 

1.1677 

1.0020 

1.0039 

1,0088 

1.0078 

1.009)4 

1.0112 

1.0266 

1.0879 

1.0877 

1,1188 

I.1I488 

1.1778 


TiBLE' XIII - RATIO OF SPECIFIC HEATS OF COMBUSTION GASES 


AT 1980° F ABSOLUTE 


Fuel- 

Hydrogen-carbon ratio 

air 

o.oeit 

0.100 . 

0.128 

0.180 

0.178 

0.189 

0.200 

rat*-. ^ 


Ratio of speciJ 

"Lc heats 


0.01 

1.5222 

1.3221 

1.3220 

1.3218 

1.3217 

• 

1.3216 

1.3216 

.02 

1.5l88i].3196 

1.3183 

1.3151 

1.31)49 

1.31)47 

1 , 31 ) 46 ! 

.03 

1 .5096 

1.509A 

1.3091 

1.3087 

jI.30I8 

1.3082 

1.3031 

.ou 

I.3038 

1.3038 

1.3031 

1.3027 

1.302)4 

1.3022 

1.3020 

.08 

1.2982 

'1.2979 

1.2978 

1.2970 

1.2966 

1.296U 

1.2963 

.06 

1.2929 

1.2926 

1.2921 

1.2917 

1.2913 

1.2910 

1.2909 

.07 

1.2379 

1.2878 

1.2870 

1.2 380 

1.2900 

1.2910 

1.2917 

.08 

1.2373 

1.2901 

1.-2920 

1•2 988 

1.2968 

1.2973 

1.2930 

• 09 

1.29)47 

1.2962 

1.2988 

1.300)4 

1.3021 

1.3030 

1.3036 

.10 

1.3008 

1.502)4 

1.30)40 

1.3088 

1.3073 

1.3020 

1.5030 

.11 

1.3089 

1.3079 

1.3091 

1.3106 

1.3119 

1.3126 

1.3131 

.12 

L 

1.3110 

1.3 

1.3137 

1.3181 

1.5162 

1 

I.-5I68 
• * 

\ 

1.3172 
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Fig. I 
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Figure I. - 
values of 


Relation between effective and instantaneous 
y for exhaust gas of various compositions. 
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Figure 2. 


Ratio of effective to initial value of 
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Figure 3. - Factor for computing work 
print of this chart is attached.) 


Preseure ratio, Pi/pp 

in an isentropic flow process. 
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Fig. * 



Figure 4. - Instantaneous values of specific-heat ratio y 
for exhaust gas of various temperatures and compositions. 
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5. - Gas constant for various compositions of exhaust 
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Figure 8. - 
this chart 


Temperature ratio 
is attached.) 


in 


Pressure ratio, p^/pg 

isentropic expansion. 
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Figure 7. - Factor for computing change in enthalpy. (An 
Il-in. by 17-in. print of this chart is attached.) 
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Fig. 8 



Figure 8. - Chart for determining critical mass flow and 
critical-pressure ratio. 
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Figure 9. - Chart for computing idea) work in a gas-turbine 
cycle. W th - W a Ky Kr. (A 17-in. by 22-in, print of 

this chart is attached.) 
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mass flow for air, M 0 „, IDAsec)(sq in)(in Hg initial pressure) 



NACA ARR Ho. 4B25 


Fig. 




Figure 

1 I. 

- Chart 
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Fuel*air 
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Figure 12. - Chart for computing 
unit effective nozzle area, 

by 22—in. print of this chart 


ideal turbine power per 
- P a Kr 2 Ky K^. (A 17-in. 

is attached.) 
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Figure 13. - Relation between logarithm of y and entropy at 
1 atmosphere pressure for combustion gases; temperature 
interval between points, 180° F. 
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Fig. 14 



Pressure ratio, P}/P2 

Figure 14. - Rate of change of available energy and Ideal mass flou 

uith changes In the ratio of specific heats. 












































































